with diabetes alone ($247,000,000 and $55,000,000, respectively; P0.0001 -cost adjusted to reflect the Dollar in August 2001). Furthermore, an analysis of Medicare claim data of recipients with diabetes by Unützer et al.
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Protocol of the DiaDec-study: Quality of life, health care utilisation and costs in patients with diabetes: The role of depression Tatjana , Johannes Kruse 4 and Andrea Icks [9] found that recipients with depression had higher total health care costs than those without depression ($20,046 vs $11,956; P0.01).The economic burden of depression is not restricted to the health care system alone, since depression is associated with an increase in absence from work and disability days among patients with diabetes.
Data on health care utilisation and costs associated with depression in patients with diabetes is scarce. Data regarding the appropriateness of treatment, treatment outcomes, and the course of an untreated depressive disorder in the real world setting for patients with diabetes is lacking. Scientific knowledge on treatment patterns, health outcomes and costs among patients with diabetes and depression in usual care settings is needed to determine if and how quality and cost-effectiveness of health care can be improved for these patients.
Our aim is to investigate the prevalence of undiagnosed and diagnosed depression and to describe health-related quality of life and health care utilisation and costs in a German sample of individuals with diabetes and comorbid depression. In the following study protocol we describe the design and the methods of the study. The aims of the study are (i) To estimate the prevalence of depression (subthreshold and major depression), assessed using a standardised self-report instrument in patients with diabetes, and to determine factors (demographic characteristics, socioeconomic characteristics, and health status) associated with having a depression diagnosis in health insurance data and receiving treatment for depression. (ii) To analyse HRQL and diabetes-specific distress in patients with diabetes and depression, and those with diabetes alone, controlling for potentially relevant confounders such as diabetes severity and other comorbid illnesses. (iii) To compare health care utilisation patterns and costs among patients with diabetes with and without depression, controlling for potentially relevant confounders such as diabetes severity and other comorbid illnesses.
In participants with diagnosed depression (i.e. in patients with a diagnosis of depression in their health insurance data) we further intend: (i) To describe patterns of treatment for depression (frequency of antidepressant medication use, frequency of receiving non-pharmacological treatment).
(ii) To evaluate the appropriateness of antidepressant treatment. (iii) To compare outcomes (HRQL and medical cost) in patients receiving recommended and less-thanrecommended levels of treatment.
Materials and methods

Study design
The study is a cross-sectional survey in a random sample of a health insurance population with diabetes including longitudinal health insurance data. Health insurance data on health care utilisation patterns and health care costs will be analysed for the period covering 12 months before and 12 months after the baseline survey. In the baseline survey, participants were assessed regarding subthreshold and major depression and HRQL. By linking survey data and health insurance data the association between depression status, HRQL and health care utilisation/costs will be investigated.
Study participants were recruited from insured persons of a statutory health insurance (SHI) covering 673,366 persons in Germany (pronova BKK). Figure 1 is a schematic diagram of the study design. 
Study population and sampling
Patients with diabetes were identified among individuals insured by the SHI in February 2013 using the following criteria already applied in previous studies, e.g. Icks et al. Insured persons were not selected if they met the following exclusion criteria: younger than 18 or older than 80 years, in the care of a legal guardian, long term care level 2 or 3, documented ICD-10 code F70 to F79 (intellectual debility) or Z51.5 (palliative therapy).
Potential study participants (n  46.566) were randomly mixed without considering any characteristics and were subsequently allocated a random ID. For the random sample, the first 4,053 persons were invited to participate in the study. They were contacted by post with one reminder letter after three to eight weeks if there was no response and further contacted by telephone after further three to seven weeks with at least two calls. The invitation included all elements of informed consent (study purpose, voluntary nature of participation) as well as a separate specific request for the use of the participant's health insurance records. In total 3,644 persons were eligible to participate in the study. 1,860 persons sent back the questionnaire and gave consent to use their health insurance data.
Calculation of power
The sample size calculation was based on the primary outcome "total cost". We assumed the following: (i) the prevalence of depression (including "subthreshold depression") in the population with diabetes is around 20% [2] , (ii) the log-transformed costs are normally distributed with the standard deviation of 1.3 in both populations (individuals with diabetes and with or without depression). The latter assumption was based on data regarding health care costs by Simon et al. [11] . Given these assumptions, we had to include 1,670 participants in our analyses to be able to discover 25% higher health care costs in individuals with diabetes and comorbid depression than in individuals with diabetes alone with a level of significance () of 5% and a power of 80%. Assuming a response of 50%, about 4,000 insured people were invited to participate in the study.
Data collection
Assessment of depression
The Patient Health Questionnaire (PHQ-9) was used to estimate the prevalence of subthreshold and major depression. The PHQ-9 questionnaire provides major and minor (subthreshold) depression diagnoses according to the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV) criteria and a continuous severity score. The PHQ-9 diagnosis has high compliance with a major depression diagnosis based on structured interviews [12] . The criteria for major depression required the patient to have, for the last two weeks, five or more depressive symptoms present for more than half of the days. At least one of these main symptoms must be depressed mood or anhedonia. To meet the criteria for minor depression (subthreshold depression, psychological distress), patients must have, for the last two weeks, two to four symptoms present for more than half the days, with at least one of the main symptoms being either depressed mood or anhedonia.
We also used the short form of the Center for Epidemiological Studies Depression Scale (CES-D) with 15 items using a cut-off value of 17, as defined in other validation studies [13] . CES-D identifies patients with clinical depression and has a sensitivity of 91.8% and a specificity of 83.9% [14] . This well established instrument has been used in a number of studies which analysed the association between diabetes and depression.
Diabetes-specific distress
Diabetes-specific distress was assessed using the Problem Areas in Diabetes Scale (PAID), a 20-item questionnaire in which each item represents a unique area of diabetesrelated psychosocial distress [15] . Every item is rated on a six-point Likert scale, reflecting the degree to which the item is perceived as currently problematic (1  not a problem to 6  a serious problem). The PAID summary score was transformed into a 0-100 scale, with higher scores reflecting greater disability (emotional distress).
Health-related quality of life
Health-related quality of life was measured by using the self-reported health status composed of 12-items and covering the previous four weeks of a respondent's life (SF-12 Health Survey form) [16] . The SF-12 contains one or two items for the following eight health dimensions: physical functioning, role functioning, bodily pain, general health perception, energy/vitality, social functioning, emotional functioning, and mental health. The SF-12 consists of two scales: the physical component summary score (PCSscore), indicating 'physical' quality of life, and the mental component summary score (MCS-score), indicating 'mental' quality of life.
Sociodemographic characteristics
Age, sex, marital status (married/single, divorced, separated, widowed), household (with/without partner) and origin (resident in Germany since birth/not resident in Germany since birth) were assessed in the baseline survey. Employment and retirement status were also assessed.
Socioeconomic status
Education was assessed according to the International Standard Classification of Education [17] as total years of formal education, combining school and vocational training. The continuous variable was grouped into three categories, with the highest category of 14 or more years of education and the lowest category of 10 or less years (equivalent to a basic school degree and no vocational training).
The following data was obtained from health insurance records (12 months preceding the survey and 12 months following). The anonymity of the patient data retrieved was guaranteed by using pseudonyms.
Health care utilisation and cost
Data on the amount and cost of prescribed medications and outpatient and inpatient care was extracted from health insurance records for each study participant. Psychological and emergency treatments were recorded specifically for each study participant and were afforded special emphasis.
Comorbidity was assessed on the basis of diagnostic groupings, which are used in Germany for morbidityoriented risk structure adjustment by health insurance funds (morbiditätsorientierter Risikostrukturausgleich "Morbi RSA" [18] ). This system covers 80 severe or costly and chronic diseases structured in a system of hierarchical groups. We used the number of coded morbidity groups.
Diabetes-specific measures/diabetes severity
The type and duration of diabetes (years since diagnosis) and insulin treatment of diabetes were assessed using survey data and health insurance records. ICD-10 codes for seven types of diabetes complications (retinopathy, nephropathy, neuropathy, cerebrovascular, cardiovascular, peripheral vascular, and metabolic) were used to identify the presence of specific complications by calculating the adapted Diabetes Complications Severity Index (aDCSI) with the range 0-13 [19] .
Diagnosed and treated depression
Diagnosed depression
At least one of the following criteria is required: (i) an ICD-10 code for the diagnosis of depression (F32.0-F32.9, F33.0-F33.9, F34.1, F38.1 and F41.2) or (ii) treatment with a serotonin reuptake inhibitor, bupropion, venlafaxine, mirtazapine, agomelatine, tianeptine or trazodone over the 12 months period before or 12 months after the baseline assessment (these drugs are used for validation if a diagnosis is not present). Tricyclic antidepressants and mood stabilisers are not included as a proxy of recognition due to their frequent use for insomnia, painful neuropathy or other non-depression related indications.
Treated depression
At least one of the following criteria is required: (i) one specific mental health or psychotherapy visit (ambulatory or inpatient) or (ii) one of the N06A-ATC codes for antidepressant therapy.
Adequacy of depression treatment
Following evidence-based treatment guidelines [20] , we defined the following information from the health insurance data as representing an adequate depression treatment: within the 12 months before or 12 months after the baseline screening, participants with a diagnosis of depression received either (i) at least 4 outpatient visits with any type of physician for pharmacotherapy that includes the use of either an antidepressant or mood stabiliser for a minimum of 30 days or (ii) at least 8 outpatient visits with any specialist in psychotherapy for mental health lasting at least 30 min each.
Depression status according to self-reports and health insurance data
We defined five subgroups for the assessment of depression status (Figure 2) . Everyone without self-reported depressive disorder or a diagnosis in health insurance data belongs to group one. Patients with a diagnosis in health insurance data but no self-reported depressive disorder belong to group two. The third group consists of patients with selfreported depressive disorder but neither a diagnosis nor treatment for depression according to health insurance data. The fourth group consists of patients with selfreported depressive disorder who also have a diagnosis in health insurance data but who have not received treatment. Patients with self-reported and diagnosed depression who also received treatment according to health insurance data constitute group five (Figure 2 ).
Methods against bias
Obtaining a good response rate is central to valid results. A number of strategies were employed to enhance response rates. For instance, reminders were sent out if the first contact was not successful. We examined differences in the identified data between survey responders and nonresponders using automated health care data on the basis of anonymised data. Based on these differences we will estimate the response propensity scores (probability of being a responder) as a function of the following variables (all of these within the year prior to the baseline assessment): age, gender, place of residence (German federal land and administrative district), employment status, medical costs (medication, outpatient and inpatient treatment), treatment with insulin, use of oral hypoglycaemic medicines, depression diagnosis and other comorbidity by number of coded morbidity groups. We will predict response/non-response status as a function of these variables using logistic regression. Using these predictors, we will estimate a response probability for each survey responder (response propensity score). In a sensitivity analysis we will use a weighted logistic regression analysis Kvitkina (weights inversely proportional to estimated probability of response) rescaled to the observed sample size (i.e., number of survey responders). In a weighted analysis, individuals with a low probability of responding will be given a higher weight in the analysis to represent the larger number of non-responders with similar characteristics. This procedure allows the responder sample to be "weighted" to the population receiving the mail survey.
Statistical methods
Main analysis
Firstly, the prevalence of subthreshold and major depression (proportion with 95% confidence interval (CI)) will be estimated by using the baseline self-report (PHQ-9 questionnaire). Patients with diabetes either with or without comorbid depression will be described using the following characteristics: age, sex, marital status, level of education, origin, comorbidities (based on Morbi RSA), diabetes severity, frequency of health care utilisation, and health care costs. The continuous variables will be described using mean values and standard deviations (SDs), while all categorical variables described used percentages with 95% CI. Health-related quality of life will be assessed by using the SF-12 questionnaire with the PCS-score and MCS-score. Differences regarding the HRQL between the groups with and without self-reported depression will be estimated by using the Wilcoxon test. The factors associated with reduced HRQL will be analysed on linear regression models. Diabetes-specific distress will be analysed using PAID.
Additionally, a comparison of the groups identified as having self-reported depression using PHQ-9 or CES-D will be conducted to evaluate the differences between the two groups. We will therefore analyse how the groups identified by the two instruments differ in terms of their health status and sociodemographic factors. Mean values and SDs will be used to describe continuous variables. For all categorical variables, we will use percentages with 95% CI. Furthermore, we will use a Chi-squared test for categorical variables and a Kruskal-Wallis test for continuous variables to test for differences.
By linking primary and secondary data, the proportion of patients in each of the five groups described previously will be calculated. Relevant sociodemographic variables and clinical variables (diabetes severity, comorbidity, health care utilisation) will be evaluated as potential predictors for belonging to either of the five groups.
Since PHQ-9 is a cross-sectional measure of depression and there is no information about the course of depression before and after the baseline assessment, average health care utilisation and costs over 2 years, i.e. in the year prior to and the year after baseline assessment, will be estimated for the five groups based on depression status (Figure 2) . Use of this two-year average will also reduce the number of patients with no health care utilisation/costs, simplifying the statistical analysis of health care costs and utilisation. Because of the right skewed distribution of these measures, 95% CI for the mean values and percentages of health care utilisation will be estimated using bootstrap procedures [21] . Costs of previous years will be inflated to 2014 using the German Consumer Price Index [22] . We will use a student's t-test to compare mean log-transformed health care utilisation and expenditures to examine the differences between different groups of individuals with and without depression (Figure 2 ). Multiple regression analyses will be used to estimate the associations between mean total direct health care costs, costs of inpatient/ outpatient treatment, or medication costs as dependent variables, and depression stage as the main independent variable. Expected cost ratios (CRs) for the whole study population will be estimated by combining both parts of the model using generalized linear models (1st poisson regression model with robust error variance [23, 24] , 2nd gamma regression model).
To assess the association of HRQL with depression status, the generalized linear model will be applied to physical and mental component scores from the SF-12.
Explorative analysis of the appropriateness of treatment
Within the explorative analysis we will describe the patterns of depression treatment by reporting the frequency of antidepressant medication use as well as the frequency of non-pharmacological treatment. Furthermore, a comparison shall be made of the outcomes of individuals treated according to the guidelines to those whose treatment did not conform to guidelines. This will be done by examining how HRQL, health care utilisation (inpatient, outpatient, medication and others), and costs (inpatient, outpatient, medication and others) differ among these two groups. Moreover, the appropriateness of treatment will be evaluated in the subgroup receiving treatment.
Conclusion
As far as we know this is the first study to investigate the prevalence of undiagnosed and diagnosed depression, health-related quality of life, and health care utilisation and costs in a German sample of individuals with diabetes. The strength of our study is the link between health insurance data, which documents health care services received and their associated costs, to self-reported data on depression. This link will allow us to estimate the prevalence of recognized/treated depression and to compare outcomes (HRQL and medical cost) of treated and untreated depression.
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